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Objective: Metallothionein (MT), a metal-binding protein, protects cells against ap-
optosis under hypoxia. Hypoxic stress causes pathophysiologic changes in the inter-
nal spermatic vein (ISV) of patients with varicocele. The use of confocal microscopy 
and fluorescent compounds permits visualization of the vascular wall organization 
and molecular changes that may occur. We studied MT expression and distribution 
in the ISV using confocal laser scanning microscopy.
Materials and Methods: The study group consisted of 20 patients with grade 3 left 
varicocele. The control group consisted of 10 volunteers with left indirect inguinal 
hernia. Through a left inguinal incision, a 1-cm section of the ISV was resected from 
each patient to detect MT expression by immunohistochemical stain and confocal 
microscopy.
Results: Immunohistochemical analysis of MT in the ISV sections showed stronger 
staining in the varicocele group than in the control group. The use of confocal micro-
scopy provided a detailed vascular wall structure, and also revealed that the MT 
protein was distributed significantly in the endothelium.
Conclusion: The hypoxic conditions induced the overexpression of MT, which is de-
posited in the endothelial layer of varicocele veins, as determined by confocal mi-
croscopy. MT has the function to protect vascular cells from apoptosis, and this may 
be a mechanism for the thickened wall of the ISV that is present in varicocele patients.
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1. Introduction
In 1957, Minsky created the first confocal microscope.1 
In recent years, technological improvements have con-
tributed greatly to the development of modern digital 
imaging methods, laser technology, and the availability 
of fluorescent probes. The use of confocal microscopy 
allows an integrated view of the interrelationships of 
the different elements of the vascular wall, which is 
made possible by the use of fluorescence.2 This tech-
nique is useful not only for imaging the vascular wall 
structure, but also for the visualization and quantifica-
tion by the intensity of fluorescence.2
Varicocele is characterized by the engorgement and 
dilatation of the pampiniform plexus above the testis. 
Despite the fact that varicocele is found in 15–20% of 
men,3 investigation of these diseased vessels is still very 
rare. Recently, we reported that hypoxic stress occurred 
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in the internal spermatic vein (ISV) of patients with vari-
cocele. However, the hypoxic stress did not result in in-
creased vascular cell death or vascular wall atrophy.4 
Conversely, dilated and thickened walls were found in 
the varicocele veins.4 Thus, it is possible that dysregula-
tion of apoptosis occurs in these diseased vessels.
Metallothionein (MT) is a heavy metal-binding protein 
with a low molecular weight. This protein has important 
physiologic functions, including the ability to detoxify met-
als, to combat oxidative stress, to regulate essential bio-
metals such as zinc and copper,5–7 and to protect cells 
against apoptosis under hypoxic conditions.8 To the best 
of our knowledge, this is the first report that investigated 
the expression and distribution of MT in the varicocele 
veins of humans. Here, we show that MT plays a pre-
ventative role in the diseased vessels through the utiliza-
tion of confocal microscopy.
2. Materials and Methods
2.1. Patients and venous samples
This study included 30 nonsmoking young patients who 
were recruited between May 2006 and October 2007. 
The study group consisted of 20 patients aged 20–25 
years with grade 3 left varicocele, who had prior com-
plaints of scrotal pain, and following an evaluation for 
varicocele by physical examination and color-flow Doppler 
sonography, received surgery.9,10 Varicocele was graded 
according to Dubin and Amelar in 1970.11 To prevent in-
terobserver bias, all of the physical examinations were 
performed by a single physician. The control group con-
sisted of 10 volunteers aged 20–25 years with an indi-
rect left inguinal hernia; the possibility of varicocele in 
these patients was ruled out by physical examination and 
color-flow Doppler sonography (ISV diameter, < 2 mm).12
All of the patients underwent a left inguinal surgical 
incision, and a 1-cm section of the ISV was resected and 
stored at − 80°C for the detection of MT expression by 
im munohistochemical staining and confocal laser scan-
ning. All of the specimens were removed only after writ-
ten informed consent was obtained from the patients. 
This investigation was approved by the institute ethics 
committee of Taichung Armed Forces General Hospital.
2.2. MT antibody
Metallothionein mouse monoclonal antibody (MS-1175; 
Thermo Fisher Scientific, Fremont, CA, USA) was used for 
immunohistochemistry (dilution, 1:200) and immunoflu-
orescent (IF) staining (dilution, 1:50). Secondary antibod-
ies included the commercial kit (PicTure; Zymed, South 
San Francisco, CA, USA) for immunohistochemistry, and 
Alexa Fluor 546 conjugated goat anti-mouse antibody 
(dilution, 1:500; Molecular Probes, Eugene, OR, USA) for IF 
staining. Pre liminary experiments with negative controls 
(sections stained with only primary or secondary anti-
bodies) showed nonspecific staining or overstaining.
2.3.  Immunohistochemical staining for 
metallothionein
The method used here was modified from a previous 
study.13 The deparaffinized ISV sections (4 μm) were 
rinsed with phosphate-buffered saline. In order to inacti-
vate the endogenous peroxidase, the ISV sections were 
incubated with 3% hydrogen peroxide. The sections were 
stained with primary antibody prior to analysis with the 
commercial kit. Negative control experiments, in which 
phosphate-buffered saline was used instead of the pri-
mary antibody, were conducted to confirm the positive 
results for MT. Finally, the sections were counterstained 
with hematoxylin (catalog no. 1.05175.0500; Merck, 
Darmstadt, Germany) and rinsed with tap water. The sec-
tions were observed under a light microscope (model 
BX50; Olympus, Tokyo, Japan), and the micrographs were 
reviewed.
2.4.  IF staining and confocal laser scanning 
microscopy
Staining and microscopy were performed according to 
previously published methods, with some modifications.13 
The sections were incubated at 4°C overnight with the di-
luted primary antibody, then exposed to the respective 
secondary antibodies for 1 hour. Finally, the sections were 
covered by a slip with mounting solution (Zymed) before 
being viewed using confocal laser scanning microscopy.
In order to determine and compare the localization 
of specific proteins, IF-stained sections were examined 
with a Zeiss LSM 510 inverted laser scanning microscope 
(Carl Zeiss, Hamburg, Germany) equipped with an argon 
laser (543 nm) for excitation. The IF images of MT were 
obtained with the Alexa Fluor 546 filter set (LP 560 filter 
for 546-nm excitation), controlled by the software (Zeiss 
LSM Image Browser version 3.5.0.223; Carl Zeiss). The 
filter set was used to separate and transmit the emission 
wavelengths of the Alexa Fluor 546 conjugated antibod-
ies to different photomultipliers. The micrographs taken 
from each photomultiplier were subsequently merged 
so that the different-colored labels could be visualized 
simultaneously.
3. Results
Immunohistochemical analysis of MT in the ISV sections 
showed stronger MT-staining in the vascular cytoplasm 
of the varicocele group than in the control group (Figure 
1). The distribution of MT (red color, Figure 2) in whole 
vascular layers and in the endothelial layer was predom-
inant, as observed by confocal laser scanning (Figure 2). 
The use of confocal microscopy revealed a detailed 
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vascular wall structure and distribution of the MT pro-
tein in the different layers, far above the power of tradi-
tional light microscopes.
4. Discussion
Confocal microscopy has many advantages over the tra-
ditional microscope, including the ability to look deeply 
into intact tissue and inside cells with less resulting pho-
to-damage, and the ability to reconstruct three-dimen-
sional images; this is a great benefit to the biological 
sciences.1 The major application for confocal microscopy 
in the field of biomedical research is for the imaging of 
either live or fixed tissues that have been labeled with 
one or more fluorescent probes.14 The results of micro-
graphic immunohistochemical stain showed the protein 
expression of whole section. However, the use of confo-
cal microscopy can produce optical sections throughout 
relatively thick tissues without the need for cutting thin 
slices, and thus provide identification of the different 
layers of vessels by differences in fluorescent intensity.2
We have previously reported that hypoxia-inducible 
factor 1α expression in the ISV of varicocele patients 
was significantly higher (i.e., sevenfold) than in the con-
trol group.4 Previous studies have reported that MT is 
upregulated as a result of hypoxia in the kidney, color-
ectal carcinoma, and human prostate cancer cells.15–17 
Interestingly, there was a significantly greater expression 
of MT in the endothelium of ISV in the varicocele group, 
as demonstrated by confocal microscopy. Recently, many 
studies have shown that MT is upregulated under hypoxic 
conditions to protect cells from apoptosis.8,17,18 MT, a 
metal-binding protein,19 is also induced during acute stress, 
and is a free-radical scavenger that protects cells from 
oxidative damage during stress.20–22 Similarly, the hypoxic 
factor is a coactivator of the metallothionein-I gene and 
reduces the production of hypoxia-induced reactive oxy-
gen species.8,18 In the present study, MT expression in 
the ISV was higher in the varicocele group than in the 
control group. The hypoxic conditions might induce an 
overexpression of MT in the endothelium of the ISV in 
order to protect vascular cells from apoptosis, and may 
play a role in the dilated and thickened wall of ISV of 
varicocele patients. The use of confocal microscopy can 
provide a better analysis of the vascular structure and 
molecular changes in both physiologic and pathologic 
situations, greatly assisting biomedical studies.
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Figure 1 Immunohistochemical staining pattern of metallothionein (MT) in the internal spermatic vein (ISV) of (A, B) the control group 
and (C, D) the varicocele group. The arrows indicate the vascular endothelium. (A) Micrograph of a representative ISV section after 
hematoxylin staining (negative control; 400×). (B) Weak immunohistochemical staining for MT (400×). (C) Micrograph of a representa-
tive varicocele section after hematoxylin staining (negative control; 400×). (D) Stronger immunohistochemical staining for MT (400×).
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In conclusion, our data revealed that there was a 
higher expression of MT in the varicocele group than 
in the control group. The hypoxic conditions might in-
duce overexpression of MT in the endothelium of ISV of 
the varicocele group, as observed by confocal micros-
copy. MT has the function to protect vascular cells from 
apoptosis. This may be a mechanism behind the gener-
ation of the thickened wall of the ISV in varicocele 
patients.
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C.C. Yi, et al
48 Vol. 21, 44–48, March 2010
11. Dubin L, Amelar RD. Varicocele size and results of varicocelectomy in 
selected subfertile men with varicocele. Fertil Steril 1970;21:606–9.
12. Hsu HS, Wei YH, Li AF, Chen MT, Chang LS. Defective mitochon-
drial oxidative phosphorylation in varicocele-bearing testicles. 
Urology 1995;46:545–9.
13. Jeng SY, Wu SM, Lee JD. Cadmium accumulation and metal-
lothionein overexpression in internal spermatic vein of patients 
with varicocele. Urology 2009;73:1231–5.
14. Paddock SW. Principles and practices of laser scanning confocal 
microscopy. Mol Biotechnol 2000;16:127–49.
15. Kojima I, Tanaka T, Inagi R, et al. Metallothionein is upregulated 
by hypoxia and stabilizes hypoxia-inducible factor in the kidney. 
Kidney Int 2009;75:268–77.
16. Schmitz KJ, Müller CI, Reis H, et al. Combined analysis of hypoxia-
inducible factor 1 alpha and metallothionein indicates an aggressive 
subtype of colorectal carcinoma. Int J Colorectal Dis 2009;24:1287–96.
17. Yamasaki M, Nomura T, Sato F, Mimata H. Metallothionein is up-
regulated under hypoxia and promotes the survival of human 
prostate cancer cells. Oncol Rep 2007;18:1145–53.
18. Murphy BJ, Kimura T, Sato BG, Shi Y, Andrews GK. Metallothionein 
induction by hypoxia involves cooperative interactions between 
metal-responsive transcription factor-1 and hypoxia-inducible 
transcription factor-1α. Mol Cancer Res 2008;6:483–90.
19. Bay BH, Jin R, Jayasura A. Analysis of metallothionein expression 
in human cancers. Acta Histochem Cytochem 2001;34:171–6.
20. Suzuki T, Umeyama T, Ohma C, et al. Immunohistochemical study 
of metallothionein in normal and benign prostatic hyperplasia of 
human prostate. Prostate 1991;19:35–42.
21. Goyer RA, Liu J, Waalkes MP. Cadmium and cancer of prostate and 
testis. Biometals 2004;17:555–8.
22. Shimoda R, Achanzar WE, Qu W, et al. Metallothionein is a poten-
tial negative regulator of apoptosis. Toxicol Sci 2003;73:294–300.
